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DEFINITIONS, 


1. ECHANICS is a . OY treats 
of the forces, motions, velocities, and 
in general, of the actions of bodies upon one 
another, It teaches how to move any given 
weight with any given power; how to contrive 
engines to raiſe great n or to perform any 
kind of motion. | 


2. Body is the maſs or quantity of matter; an 
elaſtic body i is that which yields to a ſtroke, and 
recovers its figure again; But if not, tis called 
an unelaſtic body. N 


3. Denſity i is the proportion of the 2 of 
matter in any body, to the quantity of matter in 
nher e of the ſame bigneſs. | 


B 4. Force 
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4. Force is a power exerted on a body to move 
it. If it act inſtantaneouſly, tis called percuſſion, 
or impulſe. If conſtantly, tis an accelerative 
force, ms 5 


xt 


5. Velocity is a property of motion, by which WM x 

a body paſſes over a certain ſpace in a certain f 
time. And is greater or leſſer, as it paſſes over 
a greater or leſſer ſpace in a certain time as 


ſuppoſe a ſecond. b 


6. Motion is a continual and ſucceſſive change 
of place. If the body moves equally, tis called 
equable or uniform motion. If it increaſes or < 
decreaſes, 'tis called accelerated or retarded 


TE a 
| motion. When it is compared with ſome body 
4 *at reſt, 'tis called abſolute motion. But when 
| | compared with others in motion, it 1s called ar 
1 relative motion. at 
i | 
1 a 
1 7. Direction of motion is the courſe or way the | an 
N body tends, or the line it moves in. Wi 
8. Quantity of motion, is the motion a body 
has, conſidered both in regard to its velocity and fo! 
quantity of matter. This is called the momentum 
of a body. 
— » 0 . | | | me 
9. Vis inertiæ, is the innate force of matter, 
by which it reſiſts any change, ſtriving to preſerve | 
its preſent ſtate of reſt or motion. pu 
10. Gravity is that force wherewith a body en- | 
cleavours to fall downwards, It is called abſolute & 4 


FR gravity 
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gravity in empty ſpace; and relative gravity 
when immerſed 1 in a fluid, 


11. Specific gravity, is the greater or leſſer 
weight of bodies of the ſame magnitude, or the 
proportion between their weights. This proceeds 
from the natural denſity of bodies. 


12. Center of gravity, is a certain point of a 
body; upon which, the body when ſuſpended, 
will reſt | in any pennies 


13. Center of motion, is a fixed point about 
which a body moves. And the axis of motion is 
a fixed line 1t moves about. 


14. Power and weight, when oppoſed to one 
anather, fignify the body that moves another, 
and the other which is moved. The body which 
begins and communicates motion is the power; 
and that which receives the motion, is the 
weight. ba | 


15. Equilibrium is the balance of two or more 
forces, ſo as to remain at reſt, 


16. Machine or engine, is any inſtrument to 
move bodies, made of levers, wheels, pullies, &c. 


17 Mechanic powers, are the lever, wheel, 
pully, fcrew and Wedge; and the inclined Plane. 


= 18. Stieſs/ is the effect any force has to break 
2 beam, or any other body; and ſtrength is the 
3 reſiſlazey 


\ + 
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reſiſtance it is able to make againſt any Nn | 


force. 


19. Friction is the reſiſtance which a machine 
fuffers, by the parts rubbing againſt one another. 
POSTULATA. 


1. That a ſmall part of the ſurface. of the 
earth may be looked upon as a plane. For though 


the earth be round, yet ſuch a ſmall part of it as 
we have any occaſion to conſider, does not ſen- 


ſibly differ from a plane. 


2. That heavy bodies deſcend in 15 parallel 
to one another. For though they all tend to a point 
which is the center of the earth, yet that center 
is at ſuch a diſtance that theſe lines differ inſenſi- 


5 from parallel lines. 


3. The ſame body is of the . weight i in all 
places on or near the earth's ſurface. For the 
difference 1s not ſenſible in the even one's we 
Can go to, 1 | 


4. Though all matter is rough, and all engines 
imperfect; yet for the eaſe of calculation, we muſt 
ſuppoſe all planes perfectly even; all bodies 
perfectly ſmooth; and all bodies and machines to 


move without friction or reſiſtance. 5 all lines. 
ſtreight and ifflexible, without weight or thick- 


neſs; cords extremely pliable, and ſo on. 


 AXIOMS, 
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AX IO M 8. 


1. Every body endeavours to remain in its pre- 


ſent ſtate, whether it be at reſt, or en uni- 
formly in a right-line. | 


2. The alteration of motion by any external 


force is always proportionable to that force, and- 
in direction of the right line in which the force 


Acts, 


= Action and e between tm bo- 
dies, are equal and e 


4. The motion of any body is made up of the 
ſum of the motions of all the id 


FA The EL i of all bodies in the Ba place, 
are proportional to. the quantities of matter they 
contain, without any regard to their figure. 


6. The vis inertiz of any body, is proportional 
to the quantity of matter. 


7. Every body will deſcend to the loweſt place 
it can get to. 


8. Whatever ſuſtains a heavy bode bears all 


the weight of! it. 


9 Two equal ſiroes adi audit one another 
in contrary directions; deſtroys one anothers ef. 
fects. And unequal forces we only with the dif- 


ference of them, 


10. When | 


24 # 
W 
8 
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10. When a body is kept in equilibrio; the 
contrary forces in any line of direction are equal. 


11. If a certain force generate any motion; an 
equal force acting in a contrary direction, will de- 
ſtroy as much motion in the ſame time. 


12. If a body be ated on by any power in a 
given direction. It is all one in what point of 
that line of direction, the power is applied. | 


13. If a body is drawn by a rope, all the parts 
of the rope are equally ſtretched. And the force 
in any part acts in direction of that part. And it 

is the ſame thing whether the rope is drawn out 
at length, or eu over n pullies. 


14. If ere forces at one end of a — act . 
againſt ſeveral forces at the other end; the lever 
acts and is $ acted on in direction of its length. 


' 


Of the MECHANICAL POWERS. 


, N Ne if we conſider bodies in motion, and 
T2 compare them together, we may do this either 
all me- with reſpect to the quantities of matter they 
chanics. contain, or the velocities with which they are 


moved. For the heavier any n 18, the greater: 
is 
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is the power required either to move or ſtop its 
motion : and again, the ſwifter it moves, the 
greater is its force. So that the whole force of a 
moving body is the reſult of irs quantity of mat- 
ter multiplied by the velocity with, which it is 


moved. And when the product ariſing from the 


multiplication of the particular quantities of 


matter in any two bodies by their reſpective velo- 


cities are equal, the entire forces are ſo too. 


Thus, ſuppoſe a body, which we call A, to weigh 


40 pounds, and to move at the rate-of two miles 
in a minute; and another body, which we call B, 


to weigh only 4 pounds, and to move 20 miles 


in a minute; the entire forces with which theſe 
two bodies would ſtrike againſt any obſtacle 
would be equal to each other, and therefore it 


would require equal powers to ſtop them. For 


40 multiplied by 2 gives 80, the force of the 
body A: and 20 multiplied by 4 gives 80, 
the force of the body B. upon this eaſy principal 
depends the whole of mechanics: and it holds uni- 
verſally true, that when two bodies are ſuſpended on 
any machine, ſo as to act contrary to each other; 
if the machine be put into motion, and the per- 
pendicular aſcent of one body multiplied into its 
weight, be equal to the perpendicular deſcent of 


the other body multiplied into its weight, thoſe 


bodies, how unequal ſoever in their weights, 
will balance one another in all ſituations: for, as 


the whole aſcent of one is performed in the ſame 


time with the whole deſcent of the other, their 
reſpective velocities muſt be directly as the ſpaces 
they move through; and the exceſs of weight in 
one body is compenſated by the exceſs of velocity 

* N n 
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How to in the 'other. Upon this principal it is eaſy to 

_ 8 compute the power of any mechanical engine, 

er ofany whether ſimple or compound; for it is but only 

N finding how much ſwifter the power moves than 

. en the weight does (i. e. how much farther in the 
fame time) and juſt ſo much is the power increaſed 


by the help of the engine. 


In the theory of this ſcience we ſuppoſe all 
planes perfectly even, all bodies perfectly ſmooth, 
levers to have no weight, cords to be extremely 


pliable, machines to have no friction; and in 


ſhort, all imperfections muſt be ſet aſide until 
the theory be eſtabliſned; and then, proper allow- 
ances are to be made. 


TheMe- The ſimple machines, uſually called mecha- 
chanic - 0 ] { . b . h ] BY 
powers Rical powers, are fix in number, viz. the lever, 
what, the wheel and axle, the pully, the inclined plane, 


the wedge, and the ſcrew, they are called me- 


chanical powers, becauſe they help us mechani- 


cally to raiſe weights, move heavy bodies, and 
overcome reſiſtances, which we could not effect 
without them. 


I. A lever is a bar of iron or wood, one part 


of which being ſupported by a prop, all the other 


parts turn upon that prop as their center of mo- 


tion: and the velocity of every part or point is 
directly as its diſtance from the prop. There- 
fore, when the weight to be raiſed at one end 
is to the power applied at the other to raiſe it, as 
the diſtance of the power from the prop, - is to 


the N of the 8 from the prop, the 
power 


„ 
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power and weight will exactly balance or coun- 
terpoiſe each other: and as a common lever has 
next to no friction on its prop, a very little addi- 
tional power will be ſufficient to raiſe the weight. 


There are four kinds of levers. 1ſt. The 
common fort, when the prop 1s placed between 
weight and power; but much nearer to the weight 
than to the power. 2. When the prop is at one 
end of the lever, the power at the other, and the 
weight between them. 3. When the prop is at 


one end the weight at the " and the power 


applied between them. 4. The bended lever, 
which differs only in form * the firſt ſort, but 
not in property. Thoſe of the firſt and ſecond 
kind are often uſed in mechanical engines; but 


there are few inſtances in which the third ſort is uſed. 


The balance is a ſtreight inflexible rod or beam, The ba- 
turning about a fixed point or axle in the middle lance 


of it; to be loaded at each end with weights 


ſuſpended there; it is by ſome reckoned a lever of 


the firſt kind, but as both its ends are ſet at equal 
diſtances from its center of motion, they move 
with equal velocities; and therefore, as it gives 
no mechanical advantage, it cannot properly be 
reckoned among the mechanical powers. 


Let C D be a beam or lever, E the middle plate, 1. 
point or center of motion; A B, the weights, 8+ 5: 


hanging at the ends C & D, then let the beam and 
the weights, or the whole machine, be ſuſpended 
at E; and ſuppoſe the beam and the weights be 
turned upon the center E, then the points CD 

C being 


—— 2 2 
a — 


10 
. being equidiſtant from E, will deſcribe equal 
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arches, and therefore their velocities will be equal; 
and if the bodies A and B be equal, then the 
motion of A will be equal to the motion of B, 
as the quantities of matter and velocities are 
equal ; and confequently, if the beam and weights 


are ſet at reſt, neither of them can move the 


other, but they will remain in equilibrio if one 


weight be greater than the other; that weight 


and ſcale will deſcend and raiſe the other. 


Now the uſe of the 1 or a common pair 


of ſcales, is to compare the weights of different 


bodies; for any body whoſe weight is required, 
be put into one ſcale, and balanced by known 
weights put into the other ſcale, theſe weights 


will ſhew the weight of the body. 


To have a Pair of ſcales perfect, they muſt have 


theſe properties. 1. The points of ſuſpenſien of 


the ſcales, and the center of motion of the beam 
C, E, D, muſt be in a right line. 2. The arms 


C E, D E, muſt be of equal length from the 
center. 3. That the —_— of gravity be in the 
center of motion E. 4. That there be as little 


friction as poſſible. 5. That they be in equilibrio 
when empty. 


If the center 2 gravity of the Gat be above 


the center of motion and the ſcales be in equili- 
brio, if they be put a little out of- that poſition, 


by putting down one end of the beam, that end 4 
will continually deſcend until it be ſtopt at the | 
handle H. For by that motion, the center of gravity 


18 
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is continually deſcending, according to the nature 
ot it, but if the center of gravity of the beam 
be below the center of motion; if one end of 

the beam be put down a little, to deſtroy the 
equilibrium, it will return back and vibrate up 
and down. For by the motion the center of gra- 
vity is endeavouring to deſcend. 


To diſcover a falſe balance, make the weights 

in the two ſcales to be in equilibrio; then change 

the weights to the contrary ſcales. And if 
they be not in equilibrio, the balance is falſe. 


Hence alſo to prove a pair of good ſcales, they 
muſt be in equilibrio when empty, and likewiſe in 
equilibrio with the two weights. Then if the 
two weights be changed to the contrary ſcales, the | 
equilibrium will til remain, if the ſcales are 


good. 


A lever of the firſt kind is repreſented by the Fig. 1. 
bar A B C ſupported by the prop D. Its princi- The firſt 
pal uſe is to looſen large ſtones in the ground, or to leer. - | 
rajſe great weights to ſmall heights, in order to | 
have ropes put under them for raiſing them higher | 
by other machines. The parts A B and B C on | =—_ 
different ſides of the prop D, are called the arms | 
of the lever: the end A of the ſhorter arm A B 
being applied to the weight intended to be raiſed _ = 
or to the reſiſtance to be overcome ; and the pow- ; 
er applied to the end C of the longer arm B C. 


In making experiments with this machine, 
1 [the ſhorter arm-A-B muſt be as much thicker than 9 
C-'2 - the 


4 
Fig. 1. the longer arm B C, as will be ſufficient to balance 
it on the prop D. This ſuppoſed, let P repreſent a 
power, whoſe gravity is equal to 1 ounce, and Wa 
weight whoſe gravity is equal to 12 ounces, i 
Then, if the power be twelve times as far from q 
the prop as the weight is, they will exactly | 
counterpoiſe ; and a ſmall addition to the power | 
P will cauſe it to deſcend and raiſe the weight | 
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W; and the velocity with which the power de- 
ſcends will be to the velocity with which the 


weight riſes, as 12 to 1 : that is directly as their | 
diſtances from the prop; and conſequently as the g 
ſpaces through which they move. Hence it is 


plain that a man, who by his natural ſtrength, 


without the help of any machine could ſupport 4 
an hundred weight, will by the help of this lever 
be enabled to ſupport twelve hundred. If the 
weight be leſs, or the power greater, the prop 


may be placed ſo much farther from the weight; 


and then it can be raiſed to a proportionable | 


greater weight. For univerſally, if the intenſity I 
of the weight multiplied into its diſtance from | 


the prop, be equal to the intenſity of the power | 
multiplied into its diſtance from the prop, the | 


power and weight will exactly balance each 
other; and a little addition to the power will 
raiſe the weight, Thus, in the preſent inſtance, 


the weight W is 12 ounces, and its diſtance from | 
the prop is 1 inch; and 12 multiplied by 1 is 12; | 
the power P is equal to 1 ounce, and its diſtance 


from the prop is 12 inches, which multiplied by 
115 12 again, and therefore there is an equilibri- 


um between them. So if a power equal to 2 .! 


= SIRI —— ͤ ͤ———— >_> — SS. —— — one — 2 


ounces | be applied at the diſtance of 6 inches from 
the | 


USEFUL KNOWLEDGE. 13 


the prop, it will juſt balance the weight W; for 
7 6 multiplied by 2 is 12 as before. And a power 
equal to 3 ounces placed at 4 inches diſtance from 
the prop would be the ſame; for 3 times 4 1s 123 
and ſo on in proportion. To this kind of lever 
may be reduced ſeveral ſorts of inſtruments, ſuch 
as ſciſſars, pincers, ſnuffers, &c. which are made 
of two levers acting contrary to one another: this 
prop or center of motion being the pin which 
keeps them together. In common practice, the 
longer end of this lever greatly exceeds the weight 
of the ſhorter: which gains great advantage, be- 
is WH cauſe it adds ſo much to the power. 


; The Statera or Roman ſteelyard is a lever of ; 
r this kind, and is uſed for finding the weights of $8: & 
e different bodies by one fingle weight placed at gicel- 
different diſtances. from the prop or center of mo- yard. 
tion D, For, if a weight hangs at A, the extre- 
mity of the ſhorter arm D G, is of ſuch a weight 
as will exactly counterpoiſe the longer arm D X; | 
if this arm be divided into as many equal parts as 5 
it will contain, each equal to O D, the ſingle 
e weight P (which we may ſuppoſe to be 1 pound) 
will ſerve for weighing any thing as heavy as 
| 1tſelf, or as many times heavier as their are divi- 
WT {ions in the arm D X, or any quantity between 
its own weight and that quantity. As for exam- 
ple, if P be 1 pound and placed at the firſt divi- 
fon 1 in the arm D X, it will balance 1 pound in 
the ſcale at W: if it be removed to the ſecond di- 
- viſion at 2 it will balance 2 pounds in the ſcale : 
if to the third, 3 pounds; and ſo on to the end 
of the arm DX. If each of theſe integral divi- 


ſions 


mmm Rs a= 
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ſions be ſubdivided into as many equal parts as a 

pound contains ounces, and the weight P be 
placed at any of theſe ſubdiviſions, ſo as to coun- 

terpoiſe what is in the ſcale, the pounds and odd 
| ounces therein will by that means be aſcertained, 


The fe- A lever of the ſecond kind has the weight be- 
cond 
kind of tween the prop and the power. In this, as well 
lever. as the former, the advantage gained is as the 
diftance of the power from the prop : for the re- 
ſpective velocities of the power and weights are 
in that proportion; and they will balance each 
other when the intenſity of the power multiplied 
by its diſtance from the prop is equal to the inten- 
ſity of the weight multiplied by its diſtance from 
i the prop. Thus, if A Bbe a lever on which the 
Fig: 2. weight W of 6 ounces hangs at the diſtance of 1 
inch from the prop G, and a power P equal to the 
weight of 1 ounce hangs at the end B, 6 inches 
from the prop, by the cord C D going over the 
fixed pulley E, the power will juſt ſupport the 
weight: : and a ſmall addition to the power will 
raiſe. the weight, 1 inch for every 6 inches that 
the power deſcends. This lever ſhews the reaſon 
why two men carrying a burden upon a ſtick be- 
| tween them, bear unequal ſhares of the burden 
in the invèrſe proportion of their diſtances from 
it. For it is well known, that the nearer either 
of them is to the burden the greater ſhare 
he bears of it: and if he goes directly under it he 
bears the whole. So if one man be at G and the 
other at B, having the pole or ſtick A B reſting 
on their ſhoulders; if the burden or weight W be 
placed five times as near the man at G, as it is 


tg 
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to the man at B, the former will bear five times 


as much weight as the latter. 


This is likewiſe applicable to the caſe of two 


horſes of unequal ſtrength to be ſo yoked, as 


that each horſe may draw a part proportionable 
to his ſtrength ; which is done by ſo dividing the 
beam they pull, that the point of traction may 
be as much nearer to the ſtronger horſe than to 


the weaker, as the ſtrength of the former exceeds 


that of the latter. 


To this kind of lever may be reduced oars, 
rudders of ſhips, doors, turning upon hinges, 


cutting knives, which are fixed at the point, &c. 


If in this lever we ſuppoſe the power and The 
weight to change places ſo that the power may be third 
between the weight and the prop, it will become 1509 of 


a lever of the thied kind: in which, that there 


may be a balance between the power and the 
weight; the intenſity of the power muſt exceed 
the intenſity of the weight, juſt as much as the 
| diſtance of the weight from the prop exceeds che. 
diſtance of the power. Thus, let E be the prop © 
of the lever A B, and W a weight of 1 pound, 
placed 3 times as far from the prop, as the power 


P acts at F, by the cord C going over the fixed 


pulley D; in this caſe, the power muſt be equal 
to three pounds, in order to ſupport the weight - 


of 1 pound. 


To this ſort of lever are generally referred the 
bones of a man's arm: for when he lifts a weight 
2 5 by 


The 
fourth 
kind of 


lever. 


m.. 
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by the hand, the muſcle that exerts its force to 
raiſe that weight is fixed to the bone about one 
tenth part as far below the elbow as the hand is. 
And the elbow being the center round which the 
lower part of the arm turns, the muſcle muſt 
therefore exert a force ten times as great as the 
weight that 1s raiſed. | 


As this kind of lever is a diſadvantage to the 
moving power, it is uſed as little as poſſible, but 


in ſome caſes it cannot be avoided, ſuch as that of 


a ladder, which being fixed at one end, is by the 


ſtrength of a man's arm reared againſt a wall. 


And in clock-work, where all the wheels may 
be reckoned levers of this kind, becauſe the 
power that moves every wheel, except the firſt, 
acts upon it near the center of motion by means 
of a ſmall pinion, and the reſiſtance it has to 
overcome, acts againſt the teeth round its circum- 
ference. 5 | 


The fourth kind of lever differs nothing from 
the firſt but in being bended for the ſake of con- 
venience, ACB is a lever of this ſort bended 
at'C, which is a prop or center of motion. P is 
a power acting upon the longer arm A C at F, by 


- means of the cord D E. going over the pulley G, 
. and W'is a weight or reſiſtance acting upon the 


end B of the ſhorter arm C B. If the power is to 


the weight as CB is to C F they are in equilibrio. 


Thus, ſuppoſe W to be 5 pounds acting at the 
diſtance of one foot from the center of motion 2. 


and P to be 1 pound ä at F, five feet from 
the 
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the center C, the power and weight would juſt 
balance each other. A hammer drawing a nail is 
a lever of this ſort. 


17 


2. The ſecond mechanical power is the wheel Thc 


and axle, in which the power is applied to the cir- 
cumference of the wheel; and the weight is raiſed 
by a rope which coils about the axle as the wheel 
is turned round. Here it is plain that the velo- 
city of the power muſt be to the velocity of the 
weight, as the circumference of the wheel is to 
the circumference of the axle: and conſequently, 


wheel 


and axle 


the power and weight will balance each other; 


when the intenſity of the power 1s to the intenſity 
of the weight, as the circumference of the axle 
is to the circumference of the wheel: Let A B 
be a wheel, C its axle, and ſuppoſe the circum- 
ference of the wheel to be 8 times as great as the 
circumference of the axle; then, a power P equal 
to 1 pound hanging by the cord I, which goes 
round the wheel, will balance a weight W of 8 
pounds hanging by a rope K which goes round 
the axle. And as the friction on the pevets or 
gudgeons of the axle E F is but ſmall, a ſmall 
addition to the power will cauſe it to deſcend, and 
raiſe the weight: but the weight will riſe 
with only an eight part of the velocity wherewith 


the power deſcends, and conſequently, through 


no more than an eighth part of an equal ſpace in 
the ſame time. If the wheel be pulled round by 
the handles 8, 8, the power will be increaſed in 
proportion to their length. And by this means, 


D any 


Fig. 7. 
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Fig. 7 any weight may be raiſed as 1 as che operator 
pleaſes. | 


To this ſort of engine belong all cranes for 
raiſing great weights; and in this caſe, the wheel 
may have cogs all round it inſtead of handles, 
and a ſmall lanthorn or trundle may be made to 
work in the cogs, and be turned by a winch ; which 
will make the power of the- engine to exceed the 

power of the man who works it, as much as the 

number of revolutions of the winch exceeds 
thoſe of the axle P, when multiplied by the 
exceſs of the length of the winch above the length 
of the ſemidiameter of the axle, added to the 
ſemidiameter or half thickneſs of the rope K, by 


which the weight is drawn up. Thus, ſuppoſe _ 
the diameter of the rope and axle taken 


together to be 13 inches, and conſequently, half 
their diameters to be 6 inches 1-half ; ſo that the 
weight W will hang at 6 inches 1-half perpendi- 
cular diftance from below the center of the axle. 
Now, let us ſuppoſe the wheel A B which is 
fixed on the axle, to have 80 cogs, and to be 
turned by means of a winch 6 inches 1 half long, 
fix'd on the axle of a trundle of eight ſtaves or 
rounds, working in the cogs of the wheel. 
Here it is plain, that the winch and trundle 
would make 10 revolutions for one of the wheel 
AB, and its axis P, on which the rope K winds 
in raiſing the weight W; and the winch being 
no longer than the ſum of the ſemidiame- 
ters of the great axle and rope,. the trundle 


could have no more power on the wheel, than a 


man could have * pulling it round by the edge, 
6 becauſe 
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becauſe the winch would have no greater velocity 
than the edge of the wheel has, which we here 
ſuppoſe to be ten times as great as the velocity of 
the riſing weight; ſo that, in this caſe, the power 
gained would be as 10 to 1. But if the length 

of the winch be 13 inches, the power gained 
will be as 20 to 1: if 19 inches 1-half (which is 
long enough for any man to work by) the power 
gained would be as 3o to 1; that is, a man could 
raiſe 30 times as much by ſuch an engine, as he 
could do by his natural ſtrength without it, becauſe 
the velocity of the handle of the winch would be 
30 times as great as the velocity on the riſing 
veight. 


T he abſolute force of any engine being in 
proportion of the velocity of the power to the 
velocity of the weight raiſed by it. But then, 
Juſt as much power or advantage as is gained by 
the engine, ſo much time is loſt in working it. 


In theſe fort of machines it is requiſite to have 

a ratchet wheel on the end of the axle C, with a 

catch to fall inte its teeth, which will at any time 

ſupport the weight, and keep it from deſcending, 

if the perſon who turns the handle ſhould, 
through inadvertency or careleſſneſs quit his hold 

while the weight! is raiſing. Thus by this means, 
the danger is prevented, which might otherwiſe 

happen by the running down of the weight when | 

left at liberty, 


The third mechanical power or engine, con- The 


128 either of one moveable pulley, or a ſyſtem 11 
| 7Þ 2 of lis. 8. 


9 
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of pullies ; ſome in a block or caſe which is 
fixed, and others in a block which is moveable, 
and riſes with the weight. For though a ſingle 
pulley that only turns on its axis, and moves not 
out of its place, may ſerve to change the direc- 
tion of the power, yet it can give no mechanical 

advantage thereto; but is only as the beam of a 


balance, whoſe arms are of equal length and 


weight. Thus, A is a ſingle pulley, and if it ſup- 
port the equal weights P and W, the cord B B 
to which they are appended, is equally ſtretched 
throughout, and the pulley A ſuſtains both the 
weights, or is drawn with a force equal to twice 


K -is properly, but another form of the 


Fig. 9. 


balance. 


A combination of 3 moveable pullies A, B, 
C, connected by three diſtinct cords, each faſtened 
at one end to an immoyeable block above. The 
power of the whole is diſcovered by ſuppoſing 
two ſuch weights P and W ſuſpended, as will 
keep the machine in equilibrio, and then begin- 


ning with the leaſt weight, or power P, and con- 


ſidering w what force each ſeparate pulley ſuſtains. 


Thus, if P be one pound, the cord which ſuſtains 


it, acts at its other end upon the fixed block above, 
and is conſequently reacted upon by the block 


with a force equal to one pound, and the 
pulley A, as in fig. 8, is drawn with afarye equa] 


to two pounds. 


By tracing the ſecond card in the ſame manner, 


it will appear that the pulley B is drawn. with 


tyice the force of A, or 4 pounds. AndC is 
drawn 


* 
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drawn with twice the force of B, or 8 pounds. 
So that the purchaſe of this machine is ſuch, - 
that the weight W is 8 times the . * 


＋ he velocity of ore weight- to- that of the 
power, is a ſimilar way of arguing. Thus, if P 
deſcend 8 inches, A will aſcend 4; B, 2; and 
CorW 1 inch; ſo that the velocities are recipro- 
cally as the power and weight as in the lever. 


Another combination of pullies, whenagl Fig. 10. 
two, A and B, run in the fixed block X. And 
two others, C and D, in a moveable block, which 
raiſe the weight W, by pulling the cord at P, 
which goes ſucceſſiyely over the pullies A, D, B, 
C, and is faſtened to the fixed block at S. The 
purchaſe of this machine is known by conſidering 
that the cord is equally ſtretched throughout, 
by putting two ſuch weights P and W, as will . 
counterpoiſe each other. For P is ſuſtained by 
the ſingle cord, and W by four fold of the fame, . 
viz. by the parts o, s, u, k, fo that if P be 
one pound, W will be four pounds, 

The velocity of the Power is to that of the 
weight as four to one. For if P deſcend four 
inches, the parts of the cord at k will aſcend 
towards e four inches, and all the other parts of 
the cord, from the pulley C, will equally follow 
each other, and C or W will aſcend: one inch 
towards s; or the four parts of the cord o, s, 
u, k, will each be ſhortened one inch. 


In like manner may the purchaſe of any other 
combination 
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combination of pullies be determined. And it will 
always happen, that the momenta of the weight 
and power will be equal, as in the other mecha- 
nical powers. That is, if any power will raiſe 
one pound with a certain velocity, it will raiſe 
two pounds with half that velocity, or one hun- 
dred pounds with one hundred part « of that velo- 
City, &c. &c. 


But as a ſyſtem of pullies has no great weight 
and lies in a ſmall compaſs, it is eaſily carried 
about; and can be applied, in a great many caſes, 

for raiſing weights, where other engines cannot. 
But they have a great deal of friction on three 
accounts: 1. Becauſe the diameters of their axis 
bear a very conſiderable proportion to their own 
diameters: 2. Becauſe in working they are apt to 
rub againſt one another, or againſt the ſides of 
the blocks: 3. Becauſe of the ſtiffneſs of the 
ropes that goes oyer and under them. 


The in- The fourth mechanical power is the inclined 
clined plane, and the advantage gained by it, is as 
Plane. great as its length exceeds its perpendicular 
height. Loet A B be a plane parallel to the ho- 
rizon, and C D a plane inclined to it, and ſup- 
poſe the whole length C D to be three times as 
Fig. 11. great as the perpendicular height Gf F: in this 
caſe the cylinder E will be ſupported upon the 
plane C D, and kept from rolling down upon it, 
by a power equal to a third part of the weight of 
the cylinder. Therefore, a weight may be rolled 
up this inclined plane with a third part of the 


power which would be ſufficient to draw 1t up by 
the 
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the ſide of an upright wall. If the plane was 
four times as long as high, a fourth part of the 
power would be ſufficient; and ſo on in propor- 
tion. Or if a weight was to be raiſed from the 
floor A. B, by means of the machine A BCD 
(which would then act as a half wedge, and 
where the reſiſtance gives way only to one ſide) 
the inclined plane and weight would be in equili- 
brio when the power applied at G F was to the 
weight to be raiſed, as G F to GB; and if the 
power be increaſed; ſo. as to overcome the fric- 
tion of the machine (or half wedge) againſt the 
floor and weight, the machine will be driven and 
the weight raiſed: and when the machine has 
moved its whole length upon the floor, the weight 


will be raiſed to the whole height from G to F. 


The force wherewith a rolling body deſcends 
upon an inclined plane, is to the force of its ab- 
ſolute gravity, by which it would deſcend perpen- 
dicularly in a free ſpace, as the height of the plane 
is to its length. For, ſuppoſe the plane A B to be pig. 12. 
parallel to the horizon, the cylinder will keep at 
reſt upon any part of the plane where it is laid. 
If the plane be ſo elevated, that its perpendicu- p,,, 13. 
lar height from D is equal to half its length A B, 
the cylinder C will roll down upon the plane with 
a force equal to half its weight, for it would 
require a power (acting in the direction of A B) 
equal to half its weight to keep it from rolling. 
If the plane D B be elevated, ſo as to be perpen- big. 14. 
dicular to the horizon, the cylinder C would de- 
ſcend with its whole force of gravity, becauſe the 


plane contributes nothing to its ſupport or hind- 
| | rance 
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rance, and therefore it would require a power 


equal to its whole weight to keep it from de- 
ſcending. To the inclined plane may be reduced 
all hatchets, chiſels, and other edge tools, which 


are chamfered only on one fide. 


The fifth mechanical power or machine is the 
wedge which may be conſidered as two equally 
inclined planes DE F, and C E F joined together 
at the baſes e EF O: then D C is the whole thick- 
neſs of the wedge at its back AB C D, where the 
power is applied: E F is the depth or height of 
the wedge: D F the length of one of its ſides, 
equal to C F the length of the other ſide ; and O 
F is 1ts ſharp edge, which 1s entered into the wood 
intended to be ſplit by the force of a hammer or 
mallet ſtriking perpendicular on its back. Thus, 
AB is a wedge driven into the cleft CEP of the 


wood F G. 


When the wood does not cleave at any diſtance 
before the wedge, there will be an equilibrium be- 
tween the power impelling the wedge downward, 
and the reſiſtance of the wood acting againſt the 
two ſides of the wedge, when the power is to the 
reſiſtance, as half the thickneſs of the wedge at its 
back is to the length of either of its ſides: becauſe 


the reſiſtance then acts perpendicular to the ſides 


of the wedge. But, when the reſiſtance on each 


fide acts parallel to the back, the power that ba- 


lances the reſiſtances on both ſides will be as the 
tength of the whole back of the wedge is to dou- 
ble its perpendicular * 


When 


. - 
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When the wood cleaves at any diſtance before 
the wedge (as it generally does) the power im- 


. a 4 
5 3 
z. 
8 
8 % — = 
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pelling the wedge will not be to the reſiſtance of 


the wood, as the length of the back of the wedge 
is to the length of both its ſides; but as half the 


length of the back is to the length of either ſide 


of the cleft, eſtimated from the top or acting 
part of the wedge. For if we ſuppoſe the wedge 
to be lengthened from the top down to the bot- 
tom of the cleft at E, the ſame proportion will 
hold; namely, that the power will be to the re- 
ſiſtance, as half the length of the back of the 
wedge is to the length of either of its ſides: or 
which amounts to the ſame thing as the whole 
length of the back is to the length of both the 
ſides. 1 foes 


The wedge is a very great mechanical power, 
ſince not only wood, but even rocks can be ſplit by 
it; which would be impoſſible to effect by the 


lever, wheel, and axle, or pulley: for the force 


of the blow, or ſtroke, ſhakes the cohering 
parts, and thereby make them ſeparate the more 
calily. | FE rl 


The fixth and laſt mechanical power is the 
ſcrew, which cannot properly be called a ſimple 
machine, becauſe it is never uſed without the 
application of a lever or winch to aſſiſt in 


The 
ſcrew. 


turning it: and then it becomes a compound 


engine of a very great force, either in preſſing 
the parts of bodies cloſer together, or in raiſing 


great weights. It may be conceived to be made ig. 1. 


by cutting a piece of paper, A B C, into the form of 
| E | . an 
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Fig. 18. an inclined plane or half wedge, and then wraps 2 
ping it round a cylinder; and here it is evident, 
that the winch muſt turn the cylinder once round, 
before the weight of reſiſtance D can be moved 
from one ſpiral winding to another, as from d to 
c: therefofe, as much as the circumference of a 
circle deſcribed by the handle of the winch is 
greater than the interval or diſtance between the 
ſpirals, ſo much is the force of the ſcrew. Thus, 
ſuppoſing the diſtance of the ſpirals to be half an 
inch, and the length of the winch to be twelve 


We, INTRODUCTION 10 


inches, the circle deſcribed by the handle of the 


winch, where the power acts will be 76 inches 
nearly, or about 152 half inches, and conſe- 


quently 152 times as great as. the diſtance between 


the ſpirals: and therefore a power at the handle, 
-whoſe intenſity is equal to no more than a ſingle 


pound, will balance 152 pounds acting againſt 


the ſcrew; and as much additional force, as is 
ſufficient to overcome the friction, will raiſe the _ 
152 pounds; and the velocity of the power will 
be to the velocity of the weight as 152 to one. 


Hence it appears, that the longer the winch is, 


and the nearer the ſpirals are to one another, 


ſo much the greater 18 the force of the ſcrew. | 


Fig. 19. 


A machine for ſhewing the farce or power of the | 
ſcrew may be contrived in the following manner: 
Let the wheel C have a ſcrew, a b, on its axis, 
working in the teeth of the wheel D, which 
ſuppoſe to be 48 in number. It is plain, that 
for every time the wheel C, and ſcrew a b, are 
turned round by the winch A, the wheel D, will 


be moved one tooth by. the ſcrew;. 2200 therefore, 
1 


hap, K — Q 
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in 48 revolutions of the winch, the wheel D will be 
turned once round. Then, if the circumference 
of a circle, deſcribed by the handle of the winch 
A, be equal to the circumference of the groove e, 
round the wheel D, the velocity of the handle will 
be 48 times as great as the velocity of any given point 
in the groove. Conſequently, if a line G, goes 
round the groove e, and has a weight of 48 pounds 
hung to it below the pedeſtal E F, a power equal to 
1 pound at the handle will balance and ſupport the 


1 : 


weight. To prove this by experiment, let the cir- Experi- 


cumferences of the grooves of the wheels C and ment 


D be equal to one another; and then, if a weight 
H, of one pound, be ſuſpended by a line going 
round the groove of the wheel C, it will balance 


a weight of 48 pounds hanging by the line G, and 


a ſmall addition to the weight H will cauſe it to de- 
ſcend, and ſo raiſe up the other weight. Z 


If the line G, inſtead of going round the groove 
e, of the wheel D, goes round its axle I, the 


power of the machine will be as much increaſed as 


the circumference of the groove e exceeds the cir- 
ference of the axle; which, ſuppoſing it to be 6 
times, then 1 pound at H will balance 6 times 48, 
or 288 pounds hung to the line on the axle; and 
hence, the power or advantage of this machine will 
be as 288 to 1: that is to ſay, a man who, by his 
natural ſtrength, could lift an hundred weight, will 

E | be 
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be able to raiſe 288 by this engine. If a fyſtem of 


pullies be applied to the cord H, the power would 
be encreaſed to an amazing exceſs; but it would 


be here, as in all other mechanical caſes, for the time 


loſt is always as much as the power gained: becauſe 


the velocity with which the power moves, will ever 


exceed the velocity with which the weight riſes, as 


much as the OY of the weight exceeds the in- 


tenſity of the power. 


The friction of the ſcrew itſelf is very conſide- 
rable: and there are few compound engines but 
what, upon account of the friction of the parts 
againſt one another, vill require a third part more 
of power to work them when loaded, than what is 


ſufficient to conſtitute a balance between the weight 


and the power. 


In the lever, the Wien 3 18 naibing. In the 


wheel and axle, 1t is as {mall as the diameter of 


the gudgeons (added to the power required to bend 
the rope) is leſs than the diameter of the wheel ; 
but it increaſes according to the weight with which 


the axle is charged. The like might be ſaid of the 
pullies, if they did not rub againſt one another, or 


againſt the ſides of the mortices in the block where 


they are placed. A new rope of + inch diameter, 


going over a pulley 3 inches diameter, and pulled. 


with a force equal to 5 e requires a force f 


1 pound 


mw” 
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1 pound or upwards to bend it; and a rope 2 inches 
diameter requires 4 times as much force. 


Wood greaſed, or metal oiled, have nearly the 
ſame friction; and the ſmoother they are, their 
friction is the leſs. Yet metals may be ſo highly 
poliſhed, as to have their friction increaſed by the 


cohefron of their parts. 


Wood ſlides eaſier upon the ground in wet wea- 
ther than in dry; and eaſier than an equal weight 
of iron in dry weather: but iron ſlides eaſier than 
wood in wet weather. Iron or ſteel running in 
braſs has the leaſt friction of any. Lead makes a 
great deal of reſiſtance. In wood, ating upon 
wood, greaſe makes the motion at leaſt twice as 
caly. Wheel-naves, greaſed or tarred, go four 
times as eaſy as when wet. Smooth ſoft wood, 
moving upon | ſmooth ſoft wood, has a friction equal 
to about a third part of the weight. In rough wood, 
the friction is almoſt equal to half the weight. In 
ſoft wood upon hard, or hard upon ſoft, the friction 
is equal to about a fifth part of the weight. 

In poliſhed ſteel, moving upon poliſhed ſteel or 
pewter, the friction i is about a fourth part of the 
weight; on copper, a fifth part; and on braſs, a 
fixth part of the weight. Metals of the ſame fort 


have more friction than different ſorts. | 
E 2 = 
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In general, the friction increaſes in the ſame pro- 
portion with the weight. The friction is alſo greater 


with a greater velocity; but not ſo great in propor- 
tion as the increaſe of velocity. 

To have the friction of machines as little as poſ- 
ſible, they ought to be made of the feweſt and 


ſimpleſt parts. The diameters of the wheels and 


pullies ought to be large, and the gudgeons of the 
axles as ſmall can be conſiſtent with the required 
ſtrength. The ſides of the pullies ought not to be 
all over flat, but to have a ſmall riſing in the middle, 
to keep them from rubbing againſt each other's 


ö ſides, and againſt the ſides of their mortices, at a 
diſtance from their axle. All the cords and ropes 


ought to be as pliant as poſſible; and, for that end, 
rubbed with greaſe. The teeth of the wheels ſnould 
juſt fit and fill the openings, ſo as not to be ſqueez- 


ed nor ſhaked therein. All the parts which work 


into, or upon one another, ought to be ſmooth; the 
gudgeons ought juſt to fit their holes, and the work- 
ing parts muſt be greaſed. The rounds or ſtaves 
of the trundles may be made to turn about upon 
iron ſpindles, fixed in the round end boards, which 


will take ff a great deal of friction. 


Let the ſtrength of all the — be in proportion 
to the ſtreſs they are to bear, ſo as they may laſt 
equally well. He is by no Henns a perfect me- 

A ae | chanic 
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chanic who only adjuſts the ſtrength to the ſtreſs, 
if he does not contrive all the parts to laſt ſo as 
that one ſhall not fail before another. 


When any motion is to be long continued, con- 
trive the machine ſo, as that the working power may 
always move to act one way, if it can be done: for 
this is better and eaſier performed, than when the 
motion 1s interrupted by the power's being forced 


to move firſt one way and then another; becauſe 


every new change of motion requires a new addi- 
tional force to effect it; and a body in motion cannot 


ſuddenly receive a contrary motion without great 


violence, and danger of tearing the machine to 
pieces. But, when the nature of the thing requires 
that a motion ſhould ſuddenly be communicated 
to a body, or ſuddenly ſtopt; let the force act 


againſt ſome ſpring, to prevent the machine's being 


damaged by a ſudden jolt. 


When a machine is maved by two bandles, or 
winches, on the ends of an axle, the handles are ſo 


placed as that when the one is up the other is down ; 


which 1s the worſt way poſſible of placing them, 
fave that of their being both up or down toge- 
ther. For, whena man raiſes a weight by means 


of turning a winch, he loſes half his force when 


the winch is upward; becauſe he puſhes himſelf as 
much backward as he puſhes the winch forward; 
1 | and 
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and when the handle of the winch is down, di. 
reftly below the axle, he loſes half his force; be- 


cauſe the winch pulls him as much toward it as he 


pulls it toward him: and, therefore, the greateſt 
effect of his force on the machine is when he either 


pulls the winch upward, on the fide of the axle next 
to him, or puſhes it downward on the ſide fartheſt 
from him. Yet, even in theſe caſes, the pulling 
force 1s ſtronger than the puſhing. 


In order to comedy this defect as much as poſ- 
ſible, the handles ſhould be fo placed as to ſtand 
at right angles to one another; and then, when 
there is a man at each handle, the effect of the one 
man's force will be greateſt when the effect of the 
other man's is leaſt upon the machine. Whereas, 


in the common way of placing theſe handles, when 


the effect of one man's force is the greateſt, the other 
man's is fo too; and when the effect of that man 8 


| force is the leaſt, ſo alſo is the others; which is 


working at the greateſt diſadvantage poſlible. 


MILL 


In the Conflruftion of Water Mills, it will be neceſſary to ob- 
mY the following Rules. 


I. A A EASURE the perpendicular height of 
| the fall of water, in feet, above that part 
of the wheel on which the water begins to att, and 


call that the height of the fall. 


II. Multiply this conſtant number 642 882 by 
the height of the fall in feet, and the ſquare root 


of the product ſhall be the velocity of the water 


at the bottom of the fall, or the number of the feet 
that the water there moves per ſecond. 


III. Divide the velocity of the water by three, 
and the quotient ſhall be the velocity of the float 
boards of the wheel; or the number of feet they 
muſt each go though in a ſecond, when the water 
acts upon them ſo as to have the greateſt power to 
turn the mill, | 


IV. Divide 
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IV. Divide the'circumference of the wheel in 
feet by the velocity of its floats in feet per ſecond, 
and the quotient ſhall be the number of ſeconds in 
which the wheel turns round. 


. By this laſt number of ſeconds divide 60, 


and the quotient ſhall be the number of turns of 


the wheel in a minute. ; 


VI. Divide 120 (the number of revolutions a 
millſtone 4 1-half feet diameter ought to have in a 


minute) by the number of turns of the wheel in a 


minute, and the quotient ſhall be the number of 
turns the millſtone ought to Have by one turn of the 
wheel. 


VII. Then, as the number of turns of the wheel 


in a minute is to the number of turns of the mill- 
| None in a minute, ſo muſt the number of ſtaves in 


the trundle be to the number of cogs in the wheel, 
in the neareſt whole numhers that can be found. 

By theſe rules the following table is calculated to 
a water wheel 18 feet diameter, which, I appre- 
hend, may be a good ſize in general. 


To conftruQ a mill by this table, find the height 


of the fall of water in the firſt column, and againſt 


that n in the lith column, you have the num- 
ber 
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ber of cogs in the wheel, and ſtaves in the trundle, 
for cauſing the millſtone 4 feet 6 inches diameter, 


to make about i 20 revolutions in a minute, as near 


as poſſible, when the wheel goes with 1-thitd part of 
the velocity of the water. And it appears by the 
7th column, that the number of cogs in the wheel, 
and ſtaves in the trundle, are ſo near the truth for 
the required purpoſe, that the leaſt numbet of re- 
volutions of the millſtone in a minute, is 118, and 


the greateſt number never exceeds 121; which is 


according to the ſpeed of ſome of the beſt mills I 
have yet ſeen. 


1. A leſs quantity of water will turn an overſhot, 
than what will turn an underſhot or breaſt wheel ; 


as an overſhot is actuated by the ſtatical weight, or 


gravity, and the underſhot or breaſt, by impulſe 


only; fo that where there i is but a ſmall quantity of 
| water, and a fall great enough for the wheel to lie 


under it, the overſhot wheel is always uſed. But 
where there is a large body of water, and little fall, 

the underſhot wheel muſt take place. Where the 
water runs only upon a little declivity, it can act but 
ſlowly upon the under part of the wheel; in which 
caſe, the motion of the wheel will be very ſlow: 
and therefore, the float-boards ought to be very 
long, though not high, that a large body of water 
may act upon them; ſo that what is wanting in velo- 


city, may be made up in power; and then the cog- 
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36 
wheel may have a greater number of cogs, in proportion 
to the rounds in the trundle, in order to give the mill- 
ſtone a ſufficient degree of velocity. 
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De Methid for ſetting gut a Spur M heel and Wallnwer. 


IXVRAW the pitch lines A 1, B 1, A 2, 2 B; plate II 
then divide them into the number of teeth or Fig. 1. 


cogs required as a bc. 

Divide one of thoſe diſtances, as b c, into ſeven 
equal parts, as 1, 2, 3, 4, 5, 6, 7; three parts allow 
for the thickneſs of the cogs, as 1, 2, 3 in the cog. 
a, and four for the thickneſs of the ſtave of the 
wallower (one reaſon for allowing three parts for 
the cog, and four for the ſtave, is, the wallower is 
in general of leſs diameter than the wheel, therefore 


fubje& to more wear in proportion of the number of 


cogs, to the number of ſtaves; but if there is the 
ſame number of ſtaves as of cogs, they may be of 
equal thickneſs) as 1, 2, 3, 4, inthe ſtave m, Fig. 2; 


the height of the cog is equal to four parts; then di- 


vide its height into five equal parts, as 1, 2, 3,4, 5» 
in the cog C; allow three for the bottom to the pitch 
line of the cog; the other two parts for the epicy- 


cloid, ſo as to fit and bear on the ſtave equally. 


The millwrights in general put the point of a pair of 


compaſſes in the dot 3. of the coga, and ſtrike the 


$- line 


Fig. 2. 


vill form the hollow curves for the ſpaces; but if 
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line d, e; then remove the point of the compatiiy 


to the point d, and ſtrike the curve line 3 f, which 
they account near enough the figure of the epicy- 
cloid. 


The method ſor à face wheel is thus; divide 
the pitch line A B into the number of cogs in- 
tended, as ab c; divide the diſtance b c, into ſeven 
equal parts; three of thoſe parts allow for the thick- 
neſs of the cogs, as 1, 2, 3 in the cog a, four for the 


height, and four for the width as d e, and four for 


the thickneſs of the ſtave, as 1, 2, 3, 4 in the ſave 
m; draw a line through the center of the cog, as 
the line A I, at S; and on the point z, deſcribe the 
line d e; remove the compaſſes to the point A, and 
draw the line f g. which forms the ſhape of the cog; 


then ſhape the cog on the ſides to a cycloid, as de 


f g, Fi ig. 1. But this method of ſetting out the ſhape 


of a cog is variable according to the cycloid i in dif- 
ferent diameters of wheels, 


In common ſpur nuts, divide the pitch line A, 


into twice as many equal parts as you intend teeth, 
as a, b, c, d, e; with a pair of compaſſes opened o 
half the diſtance of any of thoſe diviſions, from the 
points a 1, g g, e 5, draw the ſemicircles a, c, and e, 


which will form the ends of the teeth. F rom the 
points 2,4, and 6 draw the ſemicircles 0 h 1, which 


the 


bn, 


hd 
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at the baſe d e, as the cones a f d are, then if 


USEFUL KNOWLEDGE. . 3 


che ends of the teeth were epicycloids inſtead of 
ſemicircles, they would att much better, 


The Principle of Bevel | Geer. 


\ON SISTS of two canes, rolling on the ſurface —— | 
of each other, as the cone A and B revolving Fig. 4. 
on their centers a h, a c, if their baſes are equal, 
will perform their reyolutions in one and the ſame 
time, or any other two points equally diſtant from 
the center a, asd 1, d 2, dg, &c. will revolve in 
the ſame time as f 1 „f 2, f 3, &c. In the like 
manner, if the cones, a d e, be twice the diameters — 1 5 


they turn about their centers, when the cone af d 

has made one revolution, the cone a d e vill have 

made but half a revolution; or when a fd has made 

two revolutions, a de will have made but one, and 

every part equally diſtant from the center a, as f 1 > 

f 2, fg, Kc. will have made two revolutions to 

e 1, e 2, e g, &c. and if the cones were fluted, 

or had teeth cut in them, diverging from the center 

a, to the baſes d c, ef, they would then become Fig. 7 . 
bevel geer. The teeth at the point of the cone being 2 
e i 
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ſmall and of little uſe; may be cut off at E and F, 
Fig. 8, as ſeen by Fig. g, where the upright ſhaft, 


a b, with the bevel wheel, c d, turns the bevel 
wheel, e f, with its ſhaft b g, and the teeth work 


Fig. 10, freely into each other, as a h Fig. 10. The teeth 


may be made of any dimenſion, according to the 
ſtrength required ; and this method will enable them 


to overcome a much greater reſiſtance, and work 


fmoother than a face wheel and wallower of the 
common form can poſſibly do; beſides, it is of great 


uſe to convey a motion in any direction, or to any 


part of a building with the leaſt troubie and friction. 


The method of conveying motion in any direc- 
tion, and proportioning or ſhaping the wheels there- 


Fig. 11. to, is as follows : let the line a b, repreſent a ſhaft 


coming from a wheel; draw the line c d to inter- 
{ett the line a b, in the direction, that the motion to 
be conveyed is intended, which will now repreſent 
2 ſhaſt to the intended motion. 


Again, ſuppoſe the 18 00 d is to revolve three 
times, whilſt the ſhaft a þ revolves once, draw 
the parallel line i i, at any diſtance not too 
great, ſuppoſe 1 foot by a ſcale, then draw the 
parallel line k k at g feet diſtance, after which, draw 
the dotted line w x, through the interſeQon of the 
ſhafts a b, and c d, and likewiſe through the inter- 


gn of the parallel lines 11 and k k, in the 
points 
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points x and y; which will be the pitch line of the 
two bevel wheels, or the line where the teeth of 
the two wheels act on each other, as may be ſeen Fig. 12. 


Fig. 12, where the motion may be conveyed in any 
direction. | "ay | 


Univer- 


The univerſal joint, as repreſented, may be ap- (:1 Joint: 


| plied to communicate motion inſtead of bevel geer, 


where the angle does not exceed go or 40 degrees, Fig 13. 
and the equality of motion is not regarded, for as 
it recedes from a right. line, its motion becomes 
more irregular. This] joint may be conſtructed by 
a croſs, as repreſented in the figure; or with four 
pins faſtened at right angles upon the circumference 
of a hoop, or ſolid ball. 


„ 
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To deſcribe the Cycloid and Epicycloid. 


F a point or pencil a, on the circumference of Fig. 14. 
the circle B, proceeds along the plane a C, in a 
right line, and at the ſame time revolves round its 
center, it will deſcribe a cycloid. 7: 


And, if the generating circle D, moves along the Fig. 15 
circumference of another circle E, and at ſame time 
turns round its center, the point o, will deſeribe 
an epicycloid. 
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fi, f2, fz, &c. will have made two revolutions to e 1, | 

e 2, e z, &c. and if the cones were fluted, or had teeth cut . 
in them, diverging from the center a, to the baſes d e, e f, Fig. 7 and 
they would then become bevel geer. The teeth at the ; 
point of the cone being ſmall and of little uſe, may be cut 

off at E and F, Fig. 8, as ſeen by Fig. 9, where the up- Fig. 3 & 9. 
right ſhaft, a b, with the bevel wheel, e d, turns the bevel 

wheel, e f, with its ſhaft bg, and the teeth work freely _ 

into each other, as a b Fig. 10. The teeth may be made Fig. 10. 
of any dimenſion, according to the ſtrength required ; and 

this method will enable them to overcome a much greater 
reſiſtance, and work ſmoother than a face wheel and wal- 

lower of the common form can poſſibly do; befides, it is of 

great uſe to convey a motion in any direction, or to any 

part of a building with the leaſt trouble and friction. 


The method of conveying motion in any direction, and 
proportioning or ſhaping the wheels thereto, is as follows: 
let the line a b, repreſent a ſhaft coming from a wheel; pjg, 11. 
draw the line c d to interſect the line a b, in the direction 
that the motion to be conveyed is intended, which will now 
repreſent a ſhaft to the intended motion. 


Again, ſuppoſe the ſhaft c d is to revolve three times, 
whilſt the ſhaft a b revolves once, draw the parallel line i i, 
at any diſtance not too great, ſuppoſe 1 foot by a ſcale, then 
draw the parallel line k k at 3 feet. diſtance, after which, 
draw the dotted line W x, through the interſection of the . 
ſhafts a b, and c d, and likewiſe through the interſection of 
the parallel lines i i and k k, in the points x and y; which 
will be the pitch line of the two bevel wheels, or the line 
Khere the teeth of the two wheels act on each other, as may 
* be 


Fig. 12. 


Fig. 14. 


1 
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de ſeen Pig. 12, where the motion may be conveyed in any 
direction. 


The univerſal joint, as repreſented, Fig. 13, may be applied 
to communicate motion inſtead of bevel geer. Where the 
ſpeed is to be continued the ſame, and where the angle does 
not exceed 30 or 40 degrees, and the equality of motion is 
not regarded, for as it recedes from a right line, its motion 
becomes more irregular. This joint may be conſtructed by 

a ccrols, - as repreſented in the figure; or with four pins 
aten at right angles upon the circumference of a hoop, 


or ſolid ball, it is of great uſe in cotton mills where the 


tumbling ſhafts are continued to a great diſtance from the 
moving power. But by applying this joint, the ſhafts may 


be cut into convenient lengths, by which it will be enabled 


to overcome greater reſiſtance. 


7: o at gende the Cycloid and Eoicycleid, of Uſe in Shaping tbe 
4 oF Teeth 145 Wheels, He. | 


F a point or pencil a, 10 the ALSO the circle 
B, proceeds along the plane a C, in a right line, and 


at the ſame time revolves round its center, it will deſcribe a 


cycloid. 


And, if the generating circle D, moves along the cir- 


cumference of another circle E, and at the ſame time turns 


round its center, the point o will deſcribe an epicycloid. 
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BOOKS and INSTRUMENTS juft publified by 


J. Im1son, and fold by R. Jauzsos, No. 227, 
Strand, near Temple-Bar. 


1 4 3 


* The SCHOOL of ARTS, or an IntroduQion to 
uſeful Knowledge; being a Selection of a great Variety of 
real Experiments and Improvements in ſeveral Uſeful and 
Entertaining Branches of Science: Amongſt other Sub- 


| jects treated of in this Publication are the Principles of 
Mechanics, Hydroftatics, Hydraulics, Pneumatics, Elec ri 


city, Optics, and Aftronomy ; together with a Treatiſe on 
the practical part of Clock-making, Grinding and Poliſhing 
Optie- Glaſſes, Metals for Reflecting Teleſcopes, &c. &c. 


In the M. eellaneous Articles are given, clear Inſtructions 
in the moſt approved Art of Drawing, E tching, Crayon= 
Painting, &c. Gilding on Glaſs, Earthen Ware, Mood, 
&c, Silvering Look#ing-Glaſſes, Metals, &c. Lackering, 
Varniſbing, Soldering, Caſting in TY of Paris, Wax, 
and Compoſition for Pifture- Frames, Ornaments, &. Alſo 
Stains, Cements, and Glues of various Kinds: Alſo a con- 
ciſe Treatiſe of the Conſtruction and Uſe of the Barometer 


and Thermometer; with a great Variety of other valuable 
Receipts, too long for an Advertiſement.— The whole 1 is 
freed from the Errors of former Writers on the ſame Sub- 


jeas, and laid down in ſo plain and familiar a Manner, as 
to be perfectly intelligible to Perſons even of Joy moderate 
Capacities, Price 108. in Boards. | 


II. An UNIVERSAL CHRONOLOGER, of great 
Utility to the Public in general; eſpecially in the Counting- 


Houſe, Library, N &c. even to Perſons of every 
Denomination 


_— 


Denomination in Life: which cannot fail of giving great 
Satis faction, both for its Simplicity and extenſive Uſe. 
This uſeful Inſtrument ſhews all the moveable Feaſts that 


occur in 25 Years ; likewiſe all the fixed Feaſts ; the 


Time of Sun-riſing and ſetting, and the Days of the 
Week correſponding with the Days of the Month for 
ever. Price 1s. with Directions for its Ule, 


III. A portable PASTEBOARD POCKET DIAL, 


calculated for the Latitude of Zondon.—lt will exactly 
ſhew, 1. The Hour of the Day. 2, The Sun's Place in 
the Ecliptic, 3. The Time of Sun-rifing and ſetting; 
4. The Sun's Declinatiqn for every Day in the Year, for 
ever. Price 1s. with proper Directions for its Uſe. 


IV. Acurious impraved PLANETA RIUM, by which 


the Planets may be ſet by an Ephemeres, to the utmoſt 
degree of Accuracy in the 2 they Py in the Hear 


vens. Price 108. 6d, 


In the Prefs, and 1 foeedih will he pub 41 


A PRACT ICAL TREATISE of LORD NEPAIR's 
Numbering Rods, by which any Perſon unſkilled in Fi- 
gures may attain 3 competent Knowledge in Arithmetic in 

a few Hours, without de leaſt Dependance on the Me- 
mory. 7 

The Uſe of theſe Rods are fo exceedingly entertaining, 
that Youth will be delighted to make ſuch Application as 
will greatly tend to their future ae Price 5s, 


with a Box of Rods. i 
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